foregut was confirmed by using the anti-Sim antibody Some Egfr pathway molecules also act in the midline in embryos carrying the rhomboid reporter gene (data in the dorsal-most region of the embryonic brain [10] . not shown). vein encodes a ligand for Egfr and is also However, in the region of the deutocerebral and tritoceexpressed in the foregut adjacent to the brain (Figures rebral neuromeres, a proper neural midline is missing, 1K and 1L). Also, vein is expressed in a dynamic pattern and instead the foregut is located at the midline, with in the midbrain ( Figures 1M and 1N ). This shows that foregut cells adjacent to the brain express markers similar to those expressed in neural midline cells, even The value given for cell counts is the average area in m 2 occupied by Elav-expressing nuclei. For Egfr f1 flies, data were collected from embryos that were temperature shifted at ES 9, as described in the text. Statistically significant deviations in the midbrain area from wildtype were seen in all groups of mutant embryos. n ϭ 20 in all cases. Severity of defects was rated as follows: ϩϩϩ embryos showed the complete phenotype described for the mutation in the text of this paper, ϩϩ embryos showed some of this phenotype, and ϩ embryos did not show this phenotype. Assayed with anti-PH3 antibody. Statistically significant deviations in mitotic cell counts from wild-type were seen in both groups of embryos. n ϭ 20 in all cases. Figure 2E ). This phenotype includes, but is 11 ( Figure 3G) Figure 3A) . midline cells influence the development of lateral CNS A shift at late ES 10 also results in a loss of midbrain tissue, but they do so in a manner that is not directly ganglia ( Figure 3B) 3L-3O) . The cells dying may be glia associated with the circumesophageal (longitudinal) connectives that need Egfr signaling to survive; a similar mechanism has been demonstrated in the ventral nerve cord [17] .
Influence of sim and Egfr Mutants on Populations of Brain Cells
The midbrain normally expresses the gap gene empty spiracles and the homeotic gene labial, both of which are required for normal midbrain development [18] [19] [20] . Thus, I examined the expression of Empty spiracles and Labial in the brains of sim Ϫ embryos. Empty spiracles is normally expressed in the deutocerebral and tritocerebral neuromeres [19] . In sim Ϫ embryos, expression in the midbrain is normal early, but at later stages, fewer cells express this protein (Table 3, Figure 4A ). Removing Egfr function results in a similar phenotype (Table 3, Figure 4A ). Labial is normally expressed in the tritocerebral neuromere [21] , and, in sim Ϫ embryos, the number of Labial-expressing midbrain cells appears to be normal ( Figure 4A) . A similar result was seen in Egfr Ϫ embryos ( Figure 4A ).
Loss of forkhead Function Affects the Number of Empty Spiracles Expressing Brain Cells What happens to Empty spiracles expression when the foregut source of Sim is removed? When the foregut is disrupted genetically (by using Forkhead
Ϫ embryos [22] ), the brain is diminished as compared to wild-type [23] . In forkhead Ϫ embryos, the number of midbrain Empty spiracles-expressing cells is reduced (Table 3, Figure 4A ). Also, Labial expression in the midbrain appears normal ( Figure 4A ). Forkhead is expressed in the neural midline [22] , so I wanted to see if forkhead mutants lack brain midline glia, which could signal to the midbrain (their position just ventral to the foregut is shown in Figures 1B-1D) . In forkhead mutant embryos, express Empty spiracles, by promoting proliferation. These findings may help us understand how the brain arose in evolution. Snodgrass [24] argued that the archito the foregut, and that there were connectives that connected the archicerebrum to the ventral neural mass cerebrum (the primitive arthropod brain) was located dorsal to the foregut, with minimal brain ganglia lateral (subesophageal ganglia). We can imagine a situation in . Embryonic development of the Drosophila mutant phenotypes described herein were also measured to give
